A nontrivial scalar field configuration of vanishing energy-momentum is reported. These matter configurations have no influence on the metric and therefore they are not be "detected" gravitationally. This phenomenon occurs for a time-dependent nonminimally coupled and self-interacting scalar field on the 2+1 (BTZ) black hole geometry. We conclude that such stealth configurations exist for the static 2 + 1 black hole for any value of the nonminimal coupling parameter ζ = 0 with a fixed self-interaction potential U ζ ( ). For the range 0 < ζ ≤ 1/2 potentials are bounded from below and for the range 0 < ζ < 1/4 the stealth field falls into the black hole and is swallowed by it at an exponential rate, without any consequence for the black hole.
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Keywords BTZ black hole · Nonminimal coupling · Stealth configuration One of the hallmarks of General Relativity is the fact that the presence of matter can be detected by the metric. For instance, the total mass-energy contained in any form of matter that falls into a black hole can be revealed by the metric at infinity through the famous ADM formula. More generally, the role of matter in gravity is to provide a source for the curvature of spacetime through the energymomentum tensor. This general feature can have exceptions, as we report here, if the nontrivial field content and the background geometry are so special that the energy-momentum tensor vanishes identically and therefore, the spacetime geometry can be exactly the same as the one that solves the matter-free Einstein equations.
Alberto García, for one, has made it a profession of dressing spacetime geometries with all sorts of exotic and nonstandard drapery. It is only fitting therefore, to contribute to a volume in his honor this stealth form of matter, which would certainly not escape his detection.
Consider a self-interacting scalar field nonminimally coupled to 2 + 1 gravity described by the action [1]
where = −l −2 is the cosmological constant, ζ is the nonminimal coupling parameter and U ( ) is the self-interaction potential. The corresponding field equations are
where the energy-momentum tensor is given by
(4) We are interested in gravitationally undetectable configurations in the sense defined in the first paragraph, i.e., nontrivial solutions to the field Eqs.
(2) and (3) such that T ν µ = 0. For these configurations both sides of Einstein equations vanish independently. The only symmetry we shall impose is that the solutions possess cyclic symmetry, that is, they must be invariant under the action of the 1-parameter group SO(2) . Under these conditions the metric must be a cyclic solution of the 2 + 1 vacuum Einstein equations with a negative cosmological constant,
By Birkhoff's theorem in 2 + 1 dimensions [2] the geometry must be given by the so-called BTZ black hole solution [3, 4] 1
with
where M and J are the mass and angular momentum of the black hole, respectively, with |J | ≤ Ml. In these coordinates the cyclic symmetry is generated by the Killing field m = ∂ φ and the cyclic invariance of the scalar field is expressed in the dependence = (t, r ).
